The data on the structural investigations of the group 8 metal derivatives containing the direct Si -Os, Si -Ir, and Si -Pt bonds are summarized in the present review.
Compounds with Si -Os bonds
The structural characterization of osmium (II) and osmium (IV) silyl derivatives 1-3 [4, 5] containing cyclopentadienyl (Cp) and pentamethylcyclopentadienyl (Cp*) ligands has been performed. The molecules of the four coordinated osmium (II) complex 1 [4] adopt a three-legged piano-stool coordination geometry, and the silicon atom exists in a disordered tetrahedral environment. This compound has the staggered conformation about the Os -Si bond, the triflate group being in a position anti to the Cp* ligand. The most noticeable feature of the structure 2 [5] is the transoid positions of the bulky triisopropylphosphine and diphenylsilane ligands. The angle SiOsP is 101.96°. The five-membered metallacycle ring of complex 3 [4] has an open envelope conformation; the plane of the SiOsC flap is 40.8° out of the approximate plane of the other four atoms. The hydrogen atom was located and refined at a distance of 1.59 A from osmium and the value of Os -Si bond length is 2.382 A. The hydride ligand is close to the silicon center (2.06 A) and the SiOsH bond angle is rather acute (59°). Table 1 In general, more electronegative substituents at the silicon shorten the Os -Si bond. The shortest Os -Si bond length of 2.254 A was observed for trifluorosilyl derivative, while the longest one for trimethylsilyl complex. This phenomenon has been observed for other transition metai-silyl complexes. The most striking feature of the silatranyl structure 4 [R 3 Si= N(CH 2 CH 2 0) 3 Si] is the long Ν -Si distance of 3.000 A. The trigonal-planar Olga Pudova et al.
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Si-Os, Si-Ir and Si-Pt Bonds geometry about nitrogen and the very long Ν -Si distance suggest that the nitrogen could be available for reactions with electrophiles. Indeed, on treatment of silatranyl complex with methyl triflate the nitrogen atom is smoothly quaternized and the corresponding cationic N-methyl complex 4 [R 3 Si= CF3S03MeN(CH 2 CH 2 0)3Si] is formed. An X-ray crystal structure determination of this complex indicates, that the triflate anion is not coordinated to the metal center, and the arrangement of the five ligands about the osmium center is similar to that found for other derivatives 4. However, the quaternization of the silatrane nitrogen causes a large change in the silatrane cage geometry. The Ν -Si distance is increased to 3.567 A, and the angles subtended at the quaternary nitrogen atom are decreased (average values 113.9° vs. 120.0° in silatrane). The geometry of both complexes 5 (R=Ph, 2-MeC 6 H4) [8] is similar to that of 4 with phenyl or 2-tolyl groups replacing the chloride ligand. The phenyl and 2-tolyl groups are approximately coplanar with the plane through the Os, Si and C (CO ligand) atoms. The Os -Si distances are also very similar (2.322 and 2.326 Ä). The molecular structure of complex 6 [10] reveals a somewhat distorted trigonal bipyramidal geometry of the osmium atom. The inequivalent angles about the silicon atom probably reflect steric crowding in the molecule, but their sum (360.1°) is consistent with sp 2 -hybridization. The planar geometry at silicon suggest π-bonding to one or more of the substituent atoms. The Os -Si distance of 2.419 Ä is typical for an Os -Si single bond. The Si -S distance (2.172 Ä) is somewhat shorter than standard, implying some degree of Si -S π-bonding. The Ru -Si bond (2.286 A) also appears to be shortened when compared with typical bond lengths. Thus, it appears that silicon is π-bonded most strongly to the ruthenium atom.
Single crystal X-ray structure determination was carried out for six-coordinated complex Os(SiEt 3 )H(CO) 2 (PPh3) 2 [11] The hydrogen atom was not located in this structure. The geometry of the osmium atom is best described as highly distorted octahedron. Two carbonyl ligands are essentially trans with the angle COsC of 167.2°. If the CO ligands are taken as occupying the axial positions of the octahedron, than two phosphorus, silicon and hydrogen atoms occupy the equatorial plane. The Os -Si bond is long (2. [8] with regular octahedral geometry with mutually trans triphenylphosphine ligands and mutually cis carbonyl groups. All bonds to osmium increase upon changing from the five-coordinate geometry 5 to the six-coordinate geometry 7. The most striking increase involves the Os -Si distances which increase by up to 0.17 Ä (R=Ph -2.491 A, R=2-MeC 6 H4 -2.480 A).
The structure of the Si(OCH 2 CH 2 ) 3 N fragment in complex 8 [13] is different from typical silatrane geometry. In this case the Ν -Si distance (3.176 A) is even longer than the distance found in silatrane 4 (3.000 A). The bonds about the nitrogen atom are almost perfectly trigonal planar with the sum of angles being 358.9°. The Os -Si bond length is 2.378 A.
The non-hydrogen atoms of complex 9 (R 3 Si=Me 3 Si, R'=Ph) [14] are arranged in an approximately tetrahedral manner about osmium atom. The description of hydride positions is as trans to CO, and approximately trans to each of the two PPh 3 ligands. The position of the hydride trans to CO was determined more precisely than the positions of other two. The Os -Si bond length is 2.453 A, similar to that found in complex 9 (R3Si=Ph 2 HSi, R'= 'Pr) [15] of 2.448 A and falling at the longer end of the range of the observed Os -Si bond distances.
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In the silatrane complex 10 (R3Si=Si(OCH 2 CH 2 )3N [16] all three hydride ligands were located and refined. Each hydrogen atom is approximately trans to a phosphorus atom. The silicon and three phosphorus atoms are arranged in an approximately tetrahedral manner. The interatomic distance between silicon and nitrogen of 3.242 A is longer than the values observed in osmium silatranyl complexes previously discussed. The Os-Si bond distance (2.3442 A) is slightly longer than the value of 2.2293 A observed for the tripyrrolylsilyl complex 10 [17] .
The molecular structure of the first donor-stabilized silylene complex of osmium /wesO-tetra-4-tolylporphyrin 11 [18] was determined by X-ray diffraction. Because of the small size and weak diffraction of the crystal, only a relatively small number of observed reflections could be collected. Nevertheless, the structure of complex was clearly established as a base-stabilized silylene complex. The coordination sphere of the osmium atom approaches to an ideal octahedron. The osmium atom is slightly deviated from the mean porphyrin plane toward the silylene ligand. The Os -Si bond length is 2.328 A. The distance between the silicon atom and the oxygen atom of THF ring (1.82 A) is longer than typical Si -Ο bond distances. [20] three osmium atoms form a triangle where each two adjacent osmium atoms are connected by bridging hydrogen atoms. The Os -Si bond length in the osmium compound 13 with trichlorosilyl substituents only slightly differs from that in linear osmium derivative 12. Replacement of even one chlorine atom at silicon with a methyl group lengthens the Os -Si bond by 0.02 -0.04 Ä. Os(CO) 3 
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16 Complex 15 [21] has a somewhat peculiar structure. Each osmium atom in this complex has a different number of carbonyl ligands and each Os -Os bond has a different number of bridging hydrogen atoms (from two to zero). The structural features of hydrogen bridging in clusters 15 and 16 [22] are reflected in substantially different Os -Os bond lengths.
Two bridging hydrides in complex 17 [23] are not located crystallographically, but *H NMR spectroscopy indicates that their environment must be similar, as only one bridging hydride peak is observed. TTie longest Os -Os separation is that between osmium atoms bearing silyl groups, implying that those two hydrides must bridge this bond. Two pyridine planes are tilted nearly symmetrically above and below the triosmium plane and are almost perpendicular to each other. The Os -Si bonds are 2.434 and 2.431 Ä. 3 Si [24, 25] ) and 19 [23] is also determined from the high field resonance in the 'H NMR spectra and its position more probably is determined by the longest Os -Os distance in clusters.
Main Group Metal Chemistry
The molecule of cluster 20 [26] consists of a triosmium triangle with the bridging rj 2 -/erf-butylvinyl ligand and a terminally coordinated trimethoxysilyl group positioned cis to the bridging carbon atom. The hydrogen atoms of the ier/-butylvinyl fragment have trans arrangement.
The phosphine ligand of compound 21 [27] undergoes an orfAo-metallation reaction, in which the ortho-C -Η of the phenyl ring was cleaved by one of the osmium atoms to form Os -C bond of 2.18 Ä. It should be noted that this carbon atom forms also a weak bonding interaction with the adjective osmium atom and the distance between them (2.49 A) is only slightly longer than a typical Os -C single bond. It was not possible to determine the positions of the hydride ligands directly from the X-ray analysis. However, the length of the bond between osmium atoms bearing silyl and phosphine ligands (3. 
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bridged by the hydride ligand. The positions of three hydride atoms in complex 24 [28] were not located. 3 ligand occupying diaxial sites in triosmium cluster. The oxygen atom of one of the methoxy substituents is coordinated to the neighbour osmium atom. The Si -Ο distance of 1.71 A is significantly longer than the Si -Ο distances to the methoxy groups that are not coordinated. A hydrogen ligand (located and refined) bridges the same osmium atoms. Complex 26 [24, 25] is the first example of a triply bridged r/ J -Si(OEt) 3 ligand coordinated to the face of the cluster through the silicon atom and the oxygen atoms of two ethoxy groups. The Si -Ο distances and other metrical parameters associated with (EtO^Si ligand are of questionable accuracy due to existence of considerable unresolvable disorder of the ethyl groups.
' .
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Compounds with Si -Ir bonds
The structure of some pentamethylcyclopentadienyl iridium complexes 27-30 with direct Ir -Si bond has been studied by X-ray and electron diffraction methods. The coordination around the iridium atom of complex 27 [29] is the usual three-legged piano stool geometry. The structure of dihydrobis(triethylsilyl)pentamethylcyclopentadienyliridium 28 [30] has been studied by neutron diffraction at 20 K. The distances Si Η (2.272 and 2,384 A) are too great to allow for direct interaction between the silicon and hydrogen atoms. The Ir -Si bond lengths in compounds 27 and 28 are very similar.
27
28 Due to structural disorder the data obtained for cationic complexes 29 [31] and 30 [32] can reliably be used only to establish atom connectivity. The iridium-bound hydrogen atoms observed by IR and *H NMR spectroscopy were not located.
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The coordination geometry around the iridium center in complex 31 [33] is trigonal bipyramidal with the silyl and one of the phosphine ligands in the axial positions, the second phosphine and two carbonyls occupying three equatorial sites. In the solid state two phosphine ligands are cis to each other. The similar arrangement of the ligands was observed in compound 32 [34] , The silyl group of [(2-phosphinoethyl)silyl]tris(trimethylphosphine) iridium complex 33 [35] occupies also an axial site. The Ir -Si distances of five-coordinated complexes 31-33 are very similar. 36 Treatment of complex 35 (R.3Si= 'Pr 2 (OH)Si, L=Et 3 P) with a stoichiometric amount of strong base (BuLi) gives metallasilanolate 36 [38] Structural investigation reveals that the base has selectively deprotonated the OH proton of silanol group, leaving the hydride untouched. An almost planar core, Olga Pudova et al.
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Si-Os, Si-Ir and Si-Pt Bonds consisting of two iridium, two silicon, two chlorine, two oxygen, and two lithium atoms, is the most remarkable feature of the structure 36. The Ir -Si bond distance of 2,344 A is elongated as compared to that in compound 35.
On the contrary to complexes 31-36 the coordination sphere of the iridium center in the acetylacetonato complexes 37 [39] and 38 [40] can be rationalized as a square pyramidal. The triethylsilyl group of compound 37 is located at the apex. Four atoms (two oxygens, phosphorus, and hydrogen) forming the base are approximately coplanar, whereas the iridium atom is located 0.239 A above this plane toward the apical position. The iridium atom of complex 38 is coordinated in distorted square-pyramidal arrangement. The basis of the pyramid is defined by the oxygen atoms of the acetylacetonato ligand, the phosphorus atom, and the vinylic carbon atom, showing significant deviations from the calculated least square plane. The SiIr distance of 2.264 A is significantly shorter than those determined for other five-and six-coordinated complexes. The short bond length, which could be a reflection of the silicon atom in the apical position without presence of trans ligand, seems to suggest the influence of the Ir-silylene structure stabilized by an oxygen atom.
Me. Structures of complexes 41 (R 3 Si=Et 3 Si, Ph 3 Si) [43] exhibit several common features. Both compounds possess a distorted octahedral coordination geometry, the arrangement of phosphine ligands is facial. This arrangement places methyl, hydride, and silyl ligands in mutually cis positions. The Ir -SiPh 3 bond (2.381 _) is shorter than Ir -SiEt3 one (2.424 _). The hydride ligand could not be located crystallographically in complexes 42 [44] [45] adopts an octahedral geometry, where two silicon atoms and two phosphorus atoms are coplanar with both pairs being cis. The Ir -Si bond lengths (2.444 and 2.447 _) are among the longest bonds reported.
Me'
Dichlorotris(phosphine)silylplatinum complex 45 [46] was obtained by oxidative addition of methyltrichlorosilane to electron rich iridium (I) complex (C8Hi4)Ir(PMe3)3Cl. The Ir -Si and Ir -CI bonds are trans orientated. The Ir -Si distance is very short (2.299 _), at the same time trans Ir -CI is 0.065 _ longer than Ir -CI (2.425 _) bond c/s-arranged with respect to silyl group. Three phosphine ligands have wier-structure.
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The coordination around the iridium atom in iridasilacyclobutane 46 [43, 47] is distorted octahedron formed by three mutually cis phosphine ligands, the diphenylsilyl group, the carbon atom of the metalated aromatic ring and the hydrogen atom, which was not located. The iridasilacycle is close to planar, the deviation from planarity being less than 0.04 _. In the solid state the strucure 47 [48] consists of discrete molecules of metallacycle solvated by ethanol. The iridium atom is displaced from the equatorial P2Si2 plane by 0.26 _ toward the carbonyl group. Six-coordinated cycloocta-l,5-diene complexes 48 [49] and 49 [36] have distorted octahedral arrangement.
CI
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The structure of iridium complexes 50-52 [50] with the new tridentate bis(8-quinolyl)silyl ligand was confirmed by X-ray crystallography. The NSiN fragment has facial binding mode. Constraints imposed Olga Pudova et al.
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by this ligand give rise to an Ir center which is distorted considerably from ideal octahedral geometry. [51] has facial structure. This complex is characterized by short Ir -Si bonds. The strong trans influence exerted by the silyl groups leads to the Ir -Ν bond elongation.
Hydridotris(l-pyrazolyl)borate complex 54 [52] is best formulated on the basis of spectroscopic and X-ray diffraction studies as an iridium species with C 3v geometry. In this case, the triethylsilyl group acts as the capping ligand. The Ir -Si distance is 2.405 Ä.
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In silylene complex 55 [53] the PIrP angles are close to 90°, and although hydride ligands were not located during refinement, their positions are indicated by the inequivalent PIrSi angles which vary from 112.3 to 141.5°. Thus, it seems that the molecular structure of the iridium atom is best described as a highly distorted octahedron. The markedly short Ir -Si bond length of 2.260 Ä suggest multiple bond character. The sum of the angles about the silicon atom is 359°.
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Compounds with Si -Pt bonds
The molecular structure of four-coordinated trans-and c/s-hydrido(silyl)bis(phosphine)platinum (II) complexes 56 [54] and 57 [55] [56] [57] [58] [59] has been studied by X-ray ciystallography. The coordination geometry around the platinum center can be rationalized as a distorted square planar. The platinum atom in transhydridosilylbis(tricyclohexylphosphine) 56 departs from the plane formed by the silicon atom and two phosphorus atoms by 0.06 A, the Pt -Si bond length being 2.382 Ä. Table 2 . The methylphenyl(a-naphthyl)silyl group in optically active silylplatinum complex 58 (R 3 Si=MePhNpSi, L=PhMe 2 P) [61, 62] has an absolute S-configuration. The interatomic distance N_Si in silatrane 58 (R 3 Si=N(CH 2 CH 2 0) 3 Si, L=PhMe 2 P) [63, 64] is increased to 2.89 Ä and the silicon atom is characterized by a tetrahedral environment. Such a structure apparently results from a strong positive inductive effect and the bulky platinum substituent at the silicon atom. [68] arise from high trans influence of the silyl group, which leads to elongation of trans Pt -C bond to 2. [76] has cis orientation of ligands and twisted square-planar structure. The structure is distinctly distorted from planarity; the dihedral angle between PtP 2 and PtSi 2 planes is 38.1°. The coordination geometry of the platinum atom and metal-bound silicon in complex 66 [77] are close to idealized square planar and tetrahedral, respectively. Five central atoms (Pt, Si 2 , and P 2 ) of the molecule are nearly coplanar with a dihedral angle of 2° between two planes PPtSi. There is no interaction between two silicon atoms, as they are separated by 3.306 A. The Pt -Si bond distances are 2.355 and 2.378 A.
PhMe?P.
Si(H)Pr 2 65 66 The molecule of platinadisilacyclopropane complex 67 [78] has 2-fold axis through the platinum atom that bisects the Si -Si bond and adopts a highly distorted square-planar geometry around the platinum atom with dihedral angle of 33.6° between SiPtSi and PPtP planes. The Pt -Si bond length of 2.4317 A is at the longer end of the region. The structure 68 [77] consists of a nearly planar PtSi 2 0 four-membered ring with a dihedral angle of 7.2° between SiOSi and SiPtSi planes. The Pt -Si bond distances in complexes 68 [77] and 69 [70] are very similar. 
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The silyl groups of platinaphosphasilacyclobutane 71 [80] and spirocyclic derivative 72 [81] have c«,orientation. The ligands of these complexes are bonded to the platinum atom in the square plane. The PtSi and Pt -Ρ distances are comparable to those in other four-coordinated platinum (II) compounds. [82] with Ρ,Ν-chelating ligand is the Pt -Ρ and Pt -Ν distances. Despite the different radii of the phosphorus and nitrogen atoms, the Pt -Ν bond is about 0.06 Ä longer than the Pt -Ρ one. The Pt -Si distance trans to the weakly bonded nitrogen atom is shorter than trans to the phosphorus atom. The molecular structure of five-and six-coordinated platinum (IV) complexes is less studied. Single crystals of complex 76 [85] were investigated by X-ray diffraction. The hydride ligands on platinum were not located. Both NptSi angles are essentially identical, compatible with the square-pyramidal structure.
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The geometry of the platinum center in six-coordinated bipyridyl complex 77 [86] is close to octahedral. Five atoms (platinum, two nitrogen, and two carbons of the methyl groups) form a well defined plane. The Pt -Si bond length is 2.337 A.
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In the octahedral complex 78 [87] two isocyanide ligands occupy the apical positions and four silicon atoms lie at the vertices of a distorted square with the platinum atom at the center. The Pt -Si distances are very long and vary from 2.456 to 2.49 A. Two phosphine ligands of platinum complex 79 [88] have cis orientation. It should be noted that Pt -Si bonds disposed trans with respect to the phosphorus atoms are shorter (2.376 and 2.382 A) than Pt -Si bonds with trans arrangement (2.428 and 2.430 A). Similar effect was observed for Pt -Si bond lengths in compound 80 [89] 80 The molecular structure of the first neutral platinum silylene complex 81 [90] indicates the presence of the shortest Pt -Si bond distance of 2.210 A. The sum of angles about the silicon atom is 359.8°. The least-square plane of the silylene ligand (Pt, Si and two ipso carbon atoms) and the coordination plane of the platinum atom (Si, P 2 , Pt) intersect at the dihedral angle of 68.6°. Complex 82 [91] has trans structure with a square-planar coordination geometry for the platinum center. The SiCC and PtP 2 planes form angle of 76°. The Pt -Si bond length (2.270 A) is shorter than in similar compound 83 [92] . The molecular structure of di-and trinuclear platinum complexes has been studied by X-ray diffraction. In the molecule of di^-hydridobis(tricyclohexylphosphine)bis(triethylsilyl)diplatinum 84 [93, 94] (CO) 4 Fe Pt ^PPh,
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A number of dinuclear Pt 2 Si2 complexes containing bridging silylene groups are known and several of these compounds have been structurally characterized by X-ray crystallography. As a general trend, complexes 87 exhibit a planar Pt2Si2 core. Main geometric parameters for compounds 87 with trans structure are presented in Table 3 [88] is a first example of a mixed-valence Pt(II)Pt(IV)Si 2 ring system. The Pt(II) -Si bonds of the cycle are longer than the Pt(IV) -Si bonds and the SiPt(II)Si angle (68.6°) is smaller than the SiPt(IV)Si angle (70.0°). Whereas complexes 87 have a planar Pt 2 Si 2 core, the corresponding cycle of compound 90 [89] is slightly puckered by 10.8° to accommodate the disilene ligands. Also, the cross-ring Si Si distance of 2.882 A is longer and the Pt Pt distance of 3.787 A is shorter than related distances in complexes 87.
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The central unit of hydrogen-bridged platinum complexes 91 [102] , 92 [103] , and 93 [98] is planar with two different Pt -Si distances. The bridging hydrides of complexes 91 and 92 were located at the long Pt -Si bonds. All three rings have acute PtSiPt angles (69.5, 69.26 
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The quality of the structural investigations of cluster 95 [104] does not allow a detailed discussion, however, it allows to determine the basic features of complex. The cluster is formed by a quasi-equilateral triangle of platinum atoms with a mean Pt -Pt distance of 2.975 A. The longest Pt -Pt bond is adjacent to the Si(OSiMe 3 )3 group, while the shortest is opposite to this group. Each Pt -Pt edge is bridged by a PPh 2 group and the coordination sphere of two platinum atoms is completed by PPh 3 ligands. One platinum center is connected with silyl substituent forming short Pt -Si bond (2.27 Ä).
